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(57) ABSTRACT

A method for manufacturing a CMOS device having dual
metal gate includes providing a substrate having at least two
transistors of different conductive types and a dielectric layer
covering the two transistors, planarizing the dielectric layer to
expose gate conductive layers of the two transistors, forming
a patterned blocking layer exposing one of the conductive
type transistor, performing a {irst etching process to remove a
portion of a gate of the conductive type transistor, reforming
a metal gate, removing the patterned blocking layer, perform-
ing a second etching process to remove a portion of a gate of
the other conductive type transistor, and reforming a metal
gate.
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METHOD FOR MANUFACTURING A CMOS
DEVICE HAVING DUAL METAL GATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a method for manufacturing a
complementary metal-oxide semiconductor (CMOS) device
having a dual metal gate, and more particularly, to a method
for manufacturing a CMOS device applied with a gate last
process.

2. Description of the Prior Art

With a trend towards scaling down the CMOS size, con-
ventional methods used to achieve optimization, such as
reducing thickness of the gate dielectric layer, for example the
thickness of silicon dioxide layer, have faced problems such
as leakage current due to tunneling effect. In order to keep
progression to next generation, high-K materials are used to
replace the conventional silicon oxide to be the gate dielectric
layer because 1t decreases physical limit thickness effectively,
reduces leakage current, and obtains equivalent capacitor in
an 1dentical equivalent oxide thickness (EOT).

On the other hand, the conventional polysilicon gate also
has faced problems such as inferior performance due to boron
penetration and unavoidable depletion effect which increases
equivalent thickness of the gate dielectric layer, reduces gate
capacitance, and worsens a driving force of the devices. Thus
double work function metals are used to replace the conven-
tional polysilicon gate to be the control electrode that com-
petent to the high-K gate dielectric layer.

One of the double work function metal gates 1s used 1n an
NMOS device and the other one 1s alternatively used in a
PMOS device. It 1s well-known that compatibility and pro-
cess control for the dual metal gate are more complicated,
meanwhile thickness and composition controls for materials
used 1n the dual metal gate method are more precise. The
conventional dual metal gate methods are categorized into
gate first process and gate last process. In a conventional dual
metal gate method applied with the gate first process, the
anneal process for forming the source/drain ultra-shallow
junction, and the silicide process are performed after forming,
the metal gate. After the anneal process having such strict heat
budget, 1t 1s found that a flat band voltage (V,) does not
increase or decrease linearly with decrease of EOT of the
high-K gate dielectric layer. Instead, a roll-off 1ssue 1s
observed.

Theretore, the gate last process 1s developed to improve the
V4 roll-off 1ssue and avoid generating leakage current due to
re-crystallization of the high-K gate dielectric layer happened
in high-temperature processes, and to widen material choices
for the high-K gate dielectric layer and the metal gate 1n the
gate {irst process.

SUMMARY OF THE INVENTION

It 1s therefore a primary objective of the claimed imnvention
to provide a method for manufacturing a CMOS device hav-
ing dual metal gate applied with gate last process.

According to the claimed mvention, a method for manu-
facturing a CMOS device having dual metal gate 1s provided.
The method includes steps of providing a substrate having a
first conductive type transistor, a second conductive type tran-
sistor, and a dielectric layer covering the first conductive type
transistor and the second conductive type transistor formed
thereon; planarizing the dielectric layer to expose gate con-
ductive layers of a first gate of the first conductive type tran-
sistor and of a second gate of the second conductive type
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transistor; forming a patterned blocking layer covering the
second conductive type transistor and exposing the first con-
ductive type transistor on the substrate; performing a first
etching process to remove the gate conductive layer of the
first gate to form a first opening; sequentially forming a first
metal layer and a second metal layer in the first opening;
removing the patterned blocking layer covering the second
conductive type transistor; performing a second etching pro-
cess to remove the gate conductive layer of the second gate to
form a second opening; and sequentially forming a third
metal layer and a fourth metal layer 1n the second opening.

According to the method for manufacturing a CMOS
device having dual metal gate provided by the present mven-
tion, the transistors are fabricated with the gate last process.
Since high-temperature processes have already finished
before constructing the metal gates of the transistors, the
provided method 1s more applicable to form the transistor
needed to avoid high heat budget. Accordingly V,, roll-oft
issue 1s 1improved and material choice for the metal gate 1s
widened.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill 1n the art after
reading the following detailed description of the preferred
embodiment that 1s illustrated 1n the various figures and draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-13 are schematic drawings 1llustrating a method
for manufacturing a CMOS device having dual metal gate
according to a preferred embodiment of the present invention.

DETAILED DESCRIPTION

Please refer to FIGS. 1-13, which are schematic drawings
illustrating a method for manufacturing a CMOS device hav-
ing dual metal gate according to a preferred embodiment of
the present 1invention. As shown 1n FIG. 1, a substrate 200
such as a silicon substrate, a silicon-containing substrate, or a
silicon-on-nsulator (SOI) substrate, having a first active
region 210 and a second active region 212 defined thereon 1s
provided. The substrate 200 further comprises a shallow
trench 1solation (STT) 202 used to provide an electrical 1sola-
tion between the first active region 210 and the second active
region 212. Then, a gate dielectric layer 204, a gate conduc-
tive layer such as a polysilicon layer 206, a hard mask layer
(not shown) are sequentially formed on the substrate 200. The
gate dielectric layer 204 can be a silicon oxide layer or a
silicon oxynitride layer; it also can be a high-K dielectric
layer. In addition, a cap layer (not shown) or an ARC layer
(not shown) can be selectively formed on the substrate 200.
Next, a photolithographic and etching process 1s performed to
pattern the hard mask layer to obtain a patterned hard mask
layer 208 as shown 1n FIG. 1.

Please refer to FIG. 2. An etching process 1s performed to
etch the polysilicon layer 206 and the gate dielectric layer 204
through the patterned hard mask layer 208. Thus a first gate
220 and a second gate 222 are respectively formed 1n the first
active region 210 and the second active region 212. Please
refer to FIG. 2 again. Then, 1on implantations with different
conductive type 10ons are sequentially performed to form a
first light doped drain (LLIDD) 230 1n the substrate 200 respec-
tively at two sides of the first gate 220 and a second LDD 232
in the substrate 200 at two sides of the second gate 222. And
spacers 234 are respectively formed on sidewalls of the first
gate 220 and the second gate 222. The spacers 234 can be an
ONO oflset spacer formed with bis(tert-butylamino)silane
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(BTBAS) serving as precursor. Next, 1on implantations with
different conductive type 1ons are sequentially performed to
form a first source/drain 240 in the substrate 200 at two sides
of the first gate 220 and a second source/drain 242 1in the
substrate 200 at two sides of the second gate 222. Thus a first
conductive type transistor 250 and a second conductive type
transistor 252 are formed respectively 1n the first active region
210 and the second active region 220. Additionally, selective
epitaxial growth (SEG) method can be utilized to form the
first source/drain 240 and the second source/drain 242 1n the
preferred embodiment. For example, when the first conduc-
tive type transistor 250 1s an NMOS transistor and the second
conductive type transistor 252 1s a PMOS transistor, epitaxial
s1licon layers with S1C and SiGe can be used to form the first
source/drain 240 and the second source/drain 242, respec-
tively. SEG method 1s applied 1in the preferred embodiment
for further improving drain induced barrier lowering (DIBL)
and punchthrough effect and reducing off-state current leak-
age and power consumption.

Please refer to FIGS. 3 and 4. After forming the first con-
ductive type transistor 250 and the second conductive type
transistor 252, a salicide process 1s performed to form salicide
layers 244 respectively on surfaces of the first source/drain
240 and the second source/drain 242, and followed by
sequentially forming a layer 260 with BTBAS serving as
precursor and a dielectric layer 262 on the substrate 200.
Then, the dielectric layer 262 1s planarized to expose the gate
conductive layers 206 of the first gate 220 and the second gate
222 by a first planarization process comprising a CMP pro-
cess, as shown 1n FIG. 4. However, to prevent the dielectric
layer 262 and the layer 260 from excessive planarizing that
may cause damage to the profiles of the first gate 220 and the
second gate 222, the CMP process can be stopped at the layer
260, which serving as etch stop layer, as shown 1n FIG. 3.

Please refer to FIG. 4. After the CMP process, the first
planarization process further comprises an etching back pro-
cess used to remove the etch stop layer 260, the patterned hard
mask layer 208 covering the first gate 220 and the second gate
222, portions of the spacers 234, and a portion of the dielectric
layer 262 to expose the polysilicon layers 206 of the first gate
220 and the second gate 222. The etching back process can be
a wet etching process comprising diluted HF (DHF) and
phosphoric acid (H,PO,), or a dry etching process compris-
ing SF., perfluoro ethane (C,F,), fluoroform (CH,F), O.,,
CO,, He, and Ar.

Please refer to FIG. 5. Then, a blocking layer 270 1s formed
on the substrate 200. The blocking layer 270 can be a single
layer comprising amorphous carbon (APF) or be a multi-
layer comprising at least a silicon oxide layer 272 and a
silicon nitride layer 274 as shown 1n FIG. 5. A ratio between
a thickness of the silicon oxide layer 272 and a thickness of
the silicon nitride layer 274 1s about 1:3. For example, the
thickness of the silicon oxide layer 272 1s 100 angstroms and
the thickness of the si1licon nitride layer 274 1s 300 angstroms.

Please refer to FIGS. 5-6. A photoresist 276 1s used to
pattern the blocking layer 270 and to remove a portion of the
blocking layer 270 covering the first conductive type transis-
tor 250 1n the first active region 210. Thus the polysilicon
layer 206 of the first gate 220 1s exposed. Then, a first etching
process 1s performed to remove the polysilicon layer 206 of
the first gate 220 to form a first opening 280 1n the first active
region 210. It 1s noteworthy that the patterned blocking layer
2770 15 used to protect the polysilicon layer 206 of the second
gate 222 from being damaged in the first etching process.

Please refer to FIG. 7. Then, a first metal layer 290 and a
second metal layer 292 are sequentially formed 1n the first
opening 280. The first metal layer 290 comprises MoAIN, W,
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MoN, TaCNO, or WN. It 1s observed that the gap-fill ability of
the abovementioned metal matenial 1s inferior, therefore the
second metal layer 292 serving as the main material 1s pro-
vided to fill the first opening 280 1n order to avoid seam while
the first metal layer 290 1s used to adjust work function 1n the
preferred embodiment. The second metal layer 292 com-
prises Al, T1, Ta, W, Nb, Mo, TiN, TiC, TaN, T1/W, or T1/TiN.
Furthermore, to prevent the gate dielectric layer 204 from
diffusion or reacting with the first metal layer 290, a barrier
layer (not shown) can be formed before forming the first
metal layer 290. The barrier layer comprises refractory,
noble, and lanthanide series elements such as T1, Ta, Mo, Ru,
and W and their aluminates and silicates and nitrogen or
carbon incorporated, such as TiN, TaN, TaSiN, TaC, MoAIN,
etc.

Please refer to FIG. 8. Another photoresist 278 1s formed to
cover the first active region 210, followed by performing a dry
ctching process to remove the first metal layer 290 and the
second metal layer 292 covering the second conductive type
transistor 252, and the silicon nitride layer 274 with the sili-
con oxide layer 272 serving as a stop layer 1in the second active
region 212. The dry etching process can comprise Cl,, boron
trichloride (BCl,), SF,, He, and Ar.

Please refer to FIG. 9. The patterned blocking layer 270
covering the second conductive type transistor 252 1n the
second active region 212 1s then removed. That 1s, the silicon
oxide layer 272 1s removed. Thus, the polysilicon layer 206 of
the second gate 222 1s exposed. Next, a second etching pro-
cess 1s performed to remove the polysilicon layer 206 of the
second gate 222 to form a second opening 282 1n the second
active region 252.

Please referto FI1G. 10. A third metal layer 294 and a fourth
metal layer 296 are sequentially formed 1n the second open-
ing 282. The third metal layer 294 comprises TaC. Since
gap-11ll ability of the third metal layer 292 1s inferior, the
fourth metal layer 296 comprising Al, 11, Ta, W, Nb, Mo, TiN,
T1C, TaN, Ti/W, or T1/'TiN 1s used to be the main gap-filling
material to avoid seam. And a barrier layer (not shown) as
mentioned above can be formed 1n between the gate dielectric
layer 204 and the third metal layer 294.

According to another preferred embodiment of the present
invention, a third etching process and a fourth etching process
are performed respectively after the first and the second etch-
ing processes to remove the gate dielectric layer 204 when the
gate dielectric layer 204 1s silicon oxide or silicon oxynitride
layer. And steps of re-forming a high-K gate dielectric layer
are performed respectively after the third and the fourth etch-
ing processes for replacing the conventional gate oxide layer.
The high-K gate dielectric layers formed 1n the first opening
280 and the second opening 282 are used to decrease physical
limit thickness and obtain equivalent capacitor 1n an identical
EOT.

It 1s noteworthy that, 1n this preferred embodiment, high-K
gate dielectric layer 1s adopted 1n the first conductive type
transistor 250 and the second conductive type transistor 252.
And after the first etching process and the second etching
process, the dielectric layers 204 comprising high-K material
are respectively exposed at bottoms of the first opening 280
and second opeming 282. It 1s well-known that an interface
layer (not shown) 1s conventionally to be formed before form-
ing the gate dielectric layer 204 having high-K maternal for
improving mobility of the carriers 1n the channel region. The
interface layer can be a silicon oxide layer, a silicon oxyni-
tride layer or a silicon nitride layer formed by combination
reactions or by being heated to 850° C. Because the gate
dielectric layer 204 1s not removed 1n the preferred embodi-
ment, damage to the interface layer 1s prevented. And re-
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formation of the high-K gate dielectric layer in the first and
second openings 280 and 282 that are 1n a tendency toward
45-nm generation and consideration of monitoring thickness
control and uniformity of such a thin layer can be omatted.

Please refer to FI1G. 11. After forming the fourth metal layer
296, a second planarization process 1s performed to remove
unnecessary first metal layer 290, second metal layer 292,
third metal layer 294, and fourth metal layer 296 to obtain an
even surface and to complete the metal gates of the first
conductive type transistor 250 and the second conductive type
transistor 252.

In the preferred embodiment, the dielectric layer 262 serv-
ing as an inter-layer dielectric (ILD) layer can comprise sili-
con oxide, doped silicon oxide, phosphosilicate glass (PSG),
or borophosphosilicate glass (BPSG). The dielectric layer
262 further can comprises oxide formed by high aspect ratio
process (HARP). HARP oxide layer 1s conventionally used to
be a sacrifice layer. Therefore when the dielectric layer 262
comprises HARP oxide, selective strain scheme (SSS) can be
applied 1n the preferred embodiment to improve driving cur-
rent of the transistors. Please refer to FIG. 12. After the second
planarization process, diflerent etching processes are sequen-
tially performed to remove the dielectric layer 262 and the
ctch stop layer 260 to expose the first conductive type tran-
sistor 250 and the second conductive type transistor 252 on
the substrate 200.

Please refer to FIG. 13. After removing the dielectric layer
262 and the etch stop layer 260, a contact hole etch stop
(CESL) layer 264 1s formed on the substrate 200. The CESL
layer 264 serves as the selective strain scheme by providing a
stress generated by treating with heat or UV light in the
preferred embodiment. The application of the selective strain
scheme effectively improves performance of the first conduc-
tive type transistor 250 and the second conductive type tran-
sistor 252.

According to the preferred embodiment, the first conduc-
tive type transistor 250 1s an NMOS transistor and the second
conductive type transistor 252 1s a PMOS transistor under a
consideration of smaller heat budget of the PMOS transistor.
However, the order for manufacturing the two diflerent con-
ductive type transistors 1s not limited and can be alternatively
exchanged. The point 1s that both of the first conductive type
transistor 250 and the second conductive type transistor 252
are formed by gate last process, therefore high-temperature
steps such as annealing used for forming the LDD or the
source/drain and thermal process for forming the salicide
have been performed already, and thus metal layers filling in
the first and second opening 280 and 282 will not be affected
by the high heat budget needed 1n the abovementioned pro-
cesses. Consequently, V , roll-ott issue ot the NMOS device
and the PMOS device 1s improved, and a wider material
choice 1s provided. Furthermore, selective strain scheme
(SSS) provided by CESL can be applied 1n the present inven-
tion to further improve performance of the MOS device.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.

What 1s claimed 1s:

1. A method for manufacturing a CMOS device having
dual metal gate comprising steps of:

providing a substrate having a first conductive type tran-
sistor, a second conductive type transistor, and a dielec-
tric layer covering the first conductive type transistor
and the second conductive type transistor formed
thereon;
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planarizing the dielectric layer to expose gate conductive
layers of a first gate of the first conductive type transistor
and of a second gate of the second conductive type
transistor;

forming a patterned blocking layer covering the second

conductive type transistor and exposing the first conduc-
tive type transistor on the substrate;

performing a first etching process to remove the gate con-

ductive layer of the first gate to form a first opening;
sequentially forming a first metal layer and a second metal
layer 1n the first opening; and

removing the patterned blocking layer covering the second

conductive type transistor after forming the first metal
layer and the second metal layer.

2. The method of claim 1 further comprising steps for
forming the first conductive type transistor and the second
conductive type transistor:

sequentially forming a gate dielectric layer, the gate con-

ductive layer, and a patterned hard mask layer on the
substrate;

performing an etching process to etch the gate conductive

layer and the gate dielectric layer through the patterned
hard mask layer to form the first gate and the second gate
respectively;

forming a first light doped drain (LDD) and a second LDD

in the substrate at two sides of the first gate and the
second gate, respectively;

forming a spacer on sidewalls of the first gate and the

second gate, respectively; and

forming a first source/drain and a second source/drain 1n

the substrate at two sides of the first gate and the second
gate, respectively.

3. The method of claim 1, wherein the step of planarizing
the dielectric layer comprises a chemical mechanical polish-
ing (CMP) process and an etching back process.

4. The method of claim 1, wherein the patterned blocking
layer 1s a multi-layer.

5. The method of claim 1, wherein the patterned blocking
layer comprise amorphous carbon (APF).

6. The method of claam 1, wherein the first metal layer
comprises MoAIN, W, MoN, TaCNO, or WN.

7. The method of claim 1 further comprising a step of
removing the first metal layer and the second metal layer
covering the second conductive type transistor performed
alter forming the first metal layer and the second metal layer.

8. The method of claim 1, wherein the dielectric layer
serves as an inter-layer dielectric (ILD) layer.

9. The method of claim 2 further comprising a step of
performing a salicide process to form salicide layers respec-
tively on surfaces of the first source/drain and the second
source drain after forming the first conductive type transistor
and the second conductive type transistor.

10. The method of claim 2 further comprising steps of:

performing a second etching process to remove the gate

conductive layer of the second gate to form a second
opening; and

sequentially forming a third metal layer and a fourth metal

layer 1n the second opening.

11. The method of claim 10 further comprising steps of:

performed a third etching process and a fourth etching

process respectively after the first etching process and
the second etching process for removing the gate dielec-
tric layer; and

forming a high-K gate dielectric layer 1n the first opening,

and a high-K gate dielectric layer 1n the second opening
respectively after the third etching process and the fourth
etching process.
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12. The method of claim 10, wherein the gate dielectric
layer 1s a igh-K gate dielectric layer.

13. The method of claim 10, wherein the third metal layer
comprises TaC.

14. The method of claim 10, wherein the second metal
layer and the fourth metal layer respectively comprise Al, Ti,
Ta, W, Nb, Mo, TiN, TiC, TaN, T1/W, or T/ TiN.

15. The method of claim 10 further comprising a step of
performing a planarization process to remove unnecessary
first metal layer, second metal layer, third metal layer, and the
fourth metal layer after forming the fourth metal layer.

16. The method of claim 12, wherein the high-K gate
dielectric layers are exposed at bottoms of the first opening
and the second opening respectively after the first etching
process and second etching process.

17. The method of claim 15 further comprising a step of
removing the dielectric layer after the planarization process.

18. The method of claim 17 further comprising a step of
forming a contact hole etch stop layer (CESL) on the substrate
alter removing the dielectric layer.

19. The method of claim 4, wherein the patterned blocking
layer comprises at least a silicon oxide layer and a silicon
nitride layer.

20. The method of claim 19, wherein a ratio between a
thickness of the silicon oxide layer and a thickness of the
silicon nitride layer 1s about 1:3.

21. A method for manufacturing a CMOS device having
dual metal gate comprising steps of:

providing a substrate having a first conductive type tran-

sistor, a second conductive type transistor, and a dielec-
tric layer covering the first conductive type transistor
and the second conductive type transistor formed
thereon;

planarizing the dielectric layer to expose gate conductive

layers of a first gate of the first conductive type transistor
and of a second gate of the second conductive type
transistor;

forming a patterned blocking layer covering the second

conductive type transistor and exposing the first conduc-
tive type transistor on the substrate, the patterned block-
ing layer comprising at least a silicon oxide layer and a
silicon nitride layer;

performing a first etching process to remove the gate con-

ductive layer of the first gate to form a first opening;
sequentially forming a first metal layer and a second metal
layer 1n the first opening; and

removing the patterned blocking layer covering the second

conductive type transistor.

22. The method of claim 21 further comprising steps for
tforming the first conductive type transistor and the second
conductive type transistor:

sequentially forming a gate dielectric layer, the gate con-

ductive layer, and a patterned hard mask layer on the
substrate;

performing an etching process to etch the gate conductive

layer and the gate dielectric layer through the patterned
hard mask layer to form the first gate and the second gate
respectively;

forming a first light doped drain (LDD) and a second LDD

in the substrate at two sides of the first gate and the
second gate, respectively;

forming a spacer on sidewalls of the first gate and the

second gate, respectively; and

forming a first source/drain and a second source/drain in

the substrate at two sides of the first gate and the second
gate, respectively.
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23. The method of claim 22 further comprising a step of
performing a salicide process to form salicide layers respec-
tively on surfaces of the first source/drain and the second
source drain after forming the first conductive type transistor
and the second conductive type transistor.

24. The method of claim 22 further comprising steps of:

performing a second etching process to remove the gate

conductive layer of the second gate to form a second
opening; and

sequentially forming a third metal layer and a fourth metal

layer 1n the second opening.

25. The method of claim 21, wherein the step of planarizing,
the dielectric layer comprises a chemical mechanical polish-
ing (CMP) process and an etching back process.

26. The method of claim 21, wherein the patterned block-
ing layer 1s a multi-layer.

27. The method of claim 21, wherein a ratio between a
thickness of the silicon oxide layer and a thickness of the
silicon nitride layer 1s about 1:3.

28. The method of claim 21, wherein the first metal layer
comprises MoAIN, W, MoN, TaCNO, or WN.

29. The method of claim 21 further comprising a step of
removing the first metal layer and the second metal layer
covering the second conductive type transistor performed
aiter forming the first metal layer and the second metal layer.

30. The method of claim 21, wherein the dielectric layer
serves as an inter-layer dielectric (ILD) layer.

31. The method of claim 24 further comprising steps of:

performed a third etching process and a fourth etching

process respectively after the first etching process and
the second etching process for removing the gate dielec-
tric layer; and

forming a high-K gate dielectric layer 1n the first opening

and a high-K gate dielectric layer 1n the second opening
respectively after the third etching process and the fourth
etching process.

32. The method of claim 24, wherein the gate dielectric
layer 1s a high-K gate dielectric layer.

33. The method of claim 32, wherein the high-K gate
dielectric layers are exposed at bottoms of the first opening
and the second opeming respectively after the first etching
process and second etching process.

34. The method of claim 24, wherein the third metal layer
comprises TaC.

35. The method of claim 24, wherein the second metal
layer and the fourth metal layer respectively comprise Al, T,
Ta, W, Nb, Mo, TiN, TiC, TaN, Ti/W, or T/ TiN.

36. The method of claim 24 further comprising a step of
performing a planarization process to remove unnecessary
first metal layer, second metal layer, third metal layer, and the
fourth metal layer after forming the fourth metal layer.

37. The method of claim 36 further comprising a step of
removing the dielectric layer after the planarization process.

38. The method of claim 37 further comprising a step of
forming a contact hole etch stop layer (CESL) on the substrate
alter removing the dielectric layer.

39. A method for manufacturing a CMOS device having,
dual metal gate comprising steps of:

providing a substrate having a first conductive type tran-

sistor, a second conductive type transistor, and a dielec-
tric layer covering the first conductive type transistor
and the second conductive type transistor formed
thereon;

planarizing the dielectric layer to expose gate conductive

layers of a first gate of the first conductive type transistor
and of a second gate of the second conductive type
transistor;
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forming a patterned blocking layer covering the second
conductive type transistor and exposing the first conduc-
tive type transistor on the substrate, the patterned block-
ing layer comprising amorphous carbon (APF);

performing a first etching process to remove the gate con-
ductive layer of the first gate to form a first opening;

sequentially forming a first metal layer and a second metal
layer 1n the first opening; and

removing the patterned blocking layer covering the second

conductive type transistor.

40. The method of claim 39 further comprising steps for
forming the first conductive type transistor and the second
conductive type transistor:

sequentially forming a gate dielectric layer, the gate con-

ductive layer, and a patterned hard mask layer on the
substrate;

performing an etching process to etch the gate conductive

layer and the gate dielectric layer through the patterned
hard mask layer to form the first gate and the second gate
respectively;

forming a first light doped drain (LDD) and a second LDD

in the substrate at two sides of the first gate and the
second gate, respectively;

forming a spacer on sidewalls of the first gate and the

second gate, respectively; and

forming a first source/drain and a second source/drain in

the substrate at two sides of the first gate and the second
gate, respectively.

41. The method of claim 40 further comprising steps of:

performing a second etching process to remove the gate

conductive layer of the second gate to form a second
opening; and

sequentially forming a third metal layer and a fourth metal

layer 1in the second opening.

42. The method of claim 39, wherein the step of planarizing
the dielectric layer comprises a chemical mechanical polish-
ing (CMP) process and an etching back process.

43. The method of claim 39, wherein the patterned block-
ing layer 1s a multi-layer.

44. The method of claim 39, wherein the first metal layer
comprises MoAIN, W, MoN, TaCNO, or WN.
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45. The method of claim 39 further comprising a step of
removing the first metal layer and the second metal layer
covering the second conductive type transistor performed
alter forming the first metal layer and the second metal layer.

46. The method of claim 39, wherein the dielectric layer
serves as an inter-layer dielectric (ILD) layer.

4'7. The method of claim 40 further comprising a step of
performing a salicide process to form salicide layers respec-
tively on surfaces of the first source/drain and the second
source drain after forming the first conductive type transistor
and the second conductive type transistor.

48. The method of claim 41 further comprising steps of:

performed a third etching process and a fourth etching

process respectively after the first etching process and
the second etching process for removing the gate dielec-
tric layer; and

forming a high-K gate dielectric layer 1n the first opening

and a high-K gate dielectric layer 1n the second opening
respectively after the third etching process and the fourth
etching process.

49. The method of claim 41, wherein the gate dielectric
layer 1s a high-K gate dielectric layer.

50. The method of claim 41, wherein the third metal layer
comprises TaC.

51. The method of claim 41, wherein the second metal
layer and the fourth metal layer respectively comprise Al, Ti,
Ta, W, Nb, Mo, TiN, TiC, TaN, T1/W, or T/ TiN.

52. The method of claim 41 further comprising a step of
performing a planarization process to remove unnecessary
first metal layer, second metal layer, third metal layer, and the
fourth metal layer after forming the fourth metal layer.

53. The method of claim 49, wherein the high-K gate
dielectric layers are exposed at bottoms of the first opening
and the second opening respectively after the first etching
process and second etching process.

54. The method of claim 52 further comprising a step of
removing the dielectric layer after the planarization process.

55. The method of claim 354 further comprising a step of
forming a contact hole etch stop layer (CESL) on the substrate
alter removing the dielectric layer.
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